2 ). METHODS: a high-pressure liquid chromatography (HPLC) method for the determination of thiamin and its phosphoesters in the plasma and erythrocytes of the subjects. RESULTS: The major findings were: (1) significant decrease of plasma thiamin, its monophosphate and total thiamin contents in obese vs normal women; (2) significant decrease of thiamin pyrophosphate ester and total thiamin content in obese vs normal women; (3) significant increase in plasma thiamin/thiamin monophosphate ratio (in practice, it was inverted) and corresponding decrease of the plasma thiamin monophosphate/erythrocytes thiamin pyrophosphate ratio in obese vs normal women, where plasma thiamin monophosphate and erythrocytes thiamin pyrophosphate contents are an index of thiamin status. CONCLUSIONS: This study advances the hypothesis that obese women maintain higher levels of thiamin compared to normal weight subjects by storing greater amounts of thiamin in cells through preferential intracellular thiamin recycling to compensate for relatively lower levels of thiamin.
Introduction
Obesity, defined as a weight-increase induced by the increment of fatty mass over normal limits established by a number of anthropometrical indexes, is considered 'a pathological situation due to an alteration of the energy balance, responsible for a reduction of life-quality'. 1 Obesity is strictly linked to environmental, economic and social/ cultural factors, while it is extremely rare in primitive populations. Its incidence increases with modernization and is inversely associated to social class. 2 At present, 9% of the Italian population has a body mass index (BMI) over 40. This confirms the impact of changed eating habits (increased overall caloric intake from lipids and simple sugars) and decreased physical activity as causal factors of obesity, although not the only causes. A complex multifactorial aetiology, in many respects still unidentified, is recognized as the real cause behind this disease. As for the aetiopathogenesis of this disease, today we know that the mechanism involves altering energy balance, in other words the equilibrium between caloric intake and energy expense. Moreover, some aetiopathogenetic factors, that can be grouped into genetic, congenital and acquired factors, have also been acknowledged.
Moreover, one's thiamin status is due to a number of factors: vitamin ingestion into the organism, vitamin absorption, the phosphorylation-dephosphorylation ratio of thiamin (T) and of its phosphoric esters (thiaminpyrophosphate, TPP; -triphosphate, TTP; -monophosphate, TMP), greater or lower vitamin utilization and elimination. Each of these variables has a very different weight in regard to thiamin economy and are linked to various factors despite being more or less mutually related. Hence, the imbalance, even of just one of them, can lead to variations in the others. Except those factors linked to genetic defects in enzyme-protein synthesis, all are influenced by diet to a greater or lesser extent. Researchers have realized that simply ingesting the right amounts of vitamins is not sufficient, but that having a proper diet is just as important.
To estimate the thiamin status of the individuals, we investigated the TPP content of erythrocytes because it is a faster and more sensitive index of the general thiamin status than erythrocyte transketolase activity. 3 Studies investigating the links between the vitamin status and obesity are rather scanty. [4] [5] [6] We therefore did not have much data for comparison. Nevertheless, it appears that a vitamin shortage may exist in some obese subjects as indicated by research in French adults 4 that we closely examined. After evaluating the biochemical profile for each micronutrient it emerged that in obese subjects the B 1 -vitamin status was worse than in the controls, with lower erythrocyte-transketolase (TKE) activity and a definitively positive TPP-effect (the activation of enzymatic activity with TPP). In spite of this, no pathologies of any kind were detected, although a marginal shortage of thiamin was noted. 5 Severe thiamin deficiency results in nerve and heart disease and beriberi; less severe deficiency results in nonspecific signs such as: malaise, irritability, confusion and loss of weight. Even such limited research posed the question as to why obese individuals despite introducing so much food and, hence, an above-average quantity of thiamin, display a worse thiamin biochemical state than the controls.
Methods

Subjects
We applied ethical guidelines as established by our ethics committee. Written informed consent was obtained from subjects before blood tests. Our research was carried out on 10 obese adult women (obese subjects) with a body mass index (BMI)440, coinciding with a third-grade obesity, without metabolic diseases (diabetes, suprarenal disorders or thyroidal dysfunctions, etc) and 10 healthy nonobese adult women (normal subjects), with BMIo25, all of the same age and activity level (Table 1) . Obese subjects with any pathology, in particular dislipidaemic subjects were excluded (despite their protein and lipid haematological picture being normal). All subjects conducted only moderate physical activity (physical activity level, PAL ¼ 1.42). As our obese subjects themselves admitted, their food consumption was enormous. Unfortunately, it was impossible to estimate with good accuracy the quantity and the quality of the food eaten because of the extreme irregularity of meal times and snacks and because of the subjects reluctance to talk about their eating habits, especially in regard to quantity; but, approximately, we could deduce a daily energy intake of 3000-5000 kcal with a loss of balance to 70% of carbohydrates and 20% of lipids. In contrast, the controls followed a free but balanced diet, both quantitatively and qualitatively and were healthy but also had a sedentary lifestyle.
Specimen preparation
From 10 to 12 h fasting normal and obese subjects blood (20 ml) was drawn from an antecubital vein in the morning, using EDTA-K as an anticoagulant. The samples were preserved in ice until preparation about 2 or 3 h later. The 30 y of experience leads us to affirm that by following this particular method of setting the temperature and time conditions for sample conservation, we guaranteed complete stability for both T and its phosphoesters. After 10 min of centrifugation at 750 g in a Beckman TJ-6 centrifuge (Mervue, Galway, Eire) the plasma was extracted and after removing the thin white leukocyte veil, the remaining erythrocytes were washed by suspending them in a physiological solution (NaCl 0.9%) and by centrifuging them again in the same manner. The supernatant was discarded and this procedure was repeated three times. The plasma and washed erythrocytes were then deproteinized by strong shaking with trichloroacetic acid (TCA) at a final concentration of 8%. The samples were centrifuged in a Sorvall RC-5 Plus (Newton, CT, USA) supercentrifuge at 18 000 g for 10 min. TCA was removed from the supernatant by a vigorous shake with ethyl ether and then aspiration of the ether phase. 7, 8 To separate T and its phosphoric esters a HPLC Varian mod. 5000 device was used, equipped with a Varian CDS 401 integrator (Walnut Creek, CA, USA), with an analytical PRP-1 (150 Â 4.1 mm and 5 mm particle size) Hamilton column (Reno, NV, USA) and with a similar (25 Â 2.3 mm) guardcolumn. The mobile phase was made up of an Na-phosphate buffer (50 mM, pH 9.0), hydrogen sulphide tetrabutylammonium (25 mM) (Sigma Chemical Co., St Louis, MO, USA) and tetrahydrofuran (4%) (BDH Ltd, Poole, UK). The mobile phase flow was 0.5 ml/min and a calibrated 20 ml loop was used for sample injection. Fluorescence-reading was with a Perkin-Elmer LS-30 spectrofluorometer (Beaconsfield, UK) at an excitement l ¼ 365 and emission l ¼ 433 nm wavelength. Flow-cell volume was 8 ml. The reading was effected on the corresponding fluorescent tiochromes obtained by oxidization in a very alkaline environment; just before injection into the column. For the analysis in HPLC, 9 50 ml potassium hexacianoferrate (4.3 mM) in an alkaline solution (NaOH 15%) was added to 80 ml of the supernatant from the sample extract. This method is extremely sensitive at Obese individuals as thiamin storers C Patrini et al the fmole level, 10 and allows improved repeatability and precision.
Statistics
The two-tailed Student's t-test, was considered as the most accurate and powerful method for distributing the data and balancing the samples.
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Results Table 2 summarizes the values obtained by determining T and its phosphoric esters in the plasma and erythrocytes of our obese subjects, and compares them to the values obtained with our normal subjects. One notes how in the obese patients the decrease in thiamin concentration was quite considerable in an extracellular compartment like the plasma, but varied according to whether it was T or TMP. Indeed, the decrease was 30 and 60% for T and TMP, respectively. This was much greater than for the endocellular compartment, that is, erythrocytes, here the decrease was only statistically significant for TPP, which was reflected in the total thiamin levels (T þ TMP þ TPP þ TTP ¼ T tot ). Total thiamin, however, decreased by 20% which was not enough to determine unmistakable shortage symptomatologies. The percentage reduction of T and TMP in relation to the T tot , were practically the same for the two groups, which meant that the decrease was proportional and no different with respect to a phosphoric ester or another.
In Table 3 , we have tabulated some calculations to analyse the results obtained. In particular, we related:
(a) the percentage of the endocellular concentration of the free T fraction to that of the phosphorylated fraction, to see whether the same ratio was maintained in both the obese and control subjects; (b) the extracellular concentration of T to TMP, to see how the plasma TMP (thiamin status index) changed as a function of circulating T, and, finally, (c) the plasma TMP concentration to that of the erythrocytes TPP; even if both of them are indices of thiamin status, the plasma TMP reflects TPP catabolism after its removal from the cell, therefore any relative variation might afford a different interpretation.
These three parameters can give us a more precise idea about the general thiamin status of the subjects considered.
One can note ( Table 3 ) that parameter 100 T RBC /TP RBC (TP corresponding to thiamin phosphorylated fraction, TP ¼ TMP þ TPP þ TTP) was not significantly different in either group, although there was a 10% increase in the obese subject group compared to controls. In addition to being a sign of a greater deficit in the phosphorylated compared to the unphosphorylated fraction, this also indicated that relations between the single fractions inside the cells remained the same (Table 2 ). In contrast, the differences between the two groups were very significant for the other two parameters considered: the T PL /TMP PL doubled in the obese patients, because of the complete loss of balance of their ratio. Moreover, even though they both decrease, the decrease in plasma TMP prevails over that of the plasma T to such an extent that in the healthy controls ToTMP, whereas in the obese subjects T4TMP (Table 2 ). Instead in parameter, 100 TMP PL /TPP RBC , the ratio was halved because, although both decreased, the reduction in plasma TMP was much greater than that of the erythrocyte TPP.
Discussion
Weight excess due to an energetic imbalance in our obese subjects allowed us to highlight the fact that they ingested relatively less thiamin than their nutritional needs. These subjects did not exhibit any sign of intestinal malabsorption. Both diuresis and fecal excretion were normal, as they affirm, after taking 3000-5000 kcal/day of ingested food and beverages into account. As for the thiamin, we noted that although there was an absolute increase in vitamin ingestion (about 50%) we were dealing with subjects having a body mass, and therefore a blood mass, which was more or less double than that of the controls. Moreover, their diet was presumably imbalanced towards increased carbohydrate ingestion. This would invariably lead to a relative decrease in B 1 vitamin ingestion. That is, these subjects ingested less thiamin than they needed. The comparison has been made by the two groups of control and obese subjects. (The characteristics of the two groups are shown in Table 1 .) *P r 0.01 (Student's t-test). Table 2 Concentration (pmol/mg of proteins, means 7 s.e, n ¼ 10) of the thiamin (T) and its mono-(TMP), pyro-(TPP) and tri-(TTP) phosphate esters and their percentage as to total T (T tot ¼ T + TMP + TPP + TTP) in the plasma and in the erythrocytes of our obese and control subjects. As to the characteristics relating to the two considered groups see Table 1 Plasma Erythrocytes Obese individuals as thiamin storers C Patrini et al
In conclusion, we believe our findings indicate the following: a steady relative decrease in TPP RBC (indication of the general thiamin status), a decrease in T PL and especially TMP PL (which, from TMP4T for the control group, becomes TMPoT in the obese subject group) ( Table 2 ). On repeated occasions our group studied the thiamin biochemical state in normal subjects: in their plasma, [12] [13] [14] [15] [16] [17] [18] cerebrospinal fluid (CSF), 13, 14, 18 erythrocytes, 8, [15] [16] [17] [18] [19] [20] [21] nervous tissue 7 and gut. 22 We have also investigated the thiamin state in neurological conditions (in the plasma and CSF of amyotrophic lateral sclerosis 14 ), in the erythrocytes of ataxias, 18 in haematologic syndromes (in the plasma and erythrocytes of thiamin-responsive megaloblastic anaemia 15, 16, 21 ), in metabolism (in the plasma and erythrocytes of diabetes insipidus, diabetes mellitus, optic atrophy and deafness or DIDMOAD syndrome 17 as well as in the plasma of diabetes 23 ) and toxic diseases (in the plasma and erythrocytes of alcoholism 13, 19, 20 ) . Moreover, it is also well known that in a normal individual's plasma, we find T/TMP o 1 (in rats 12 and in man 13, 18 ) and that in B 1 hypovitaminosis this ratio tends to become T/TMP ¼ 1. 22 Therefore, we observed a group of obese patients which distinguished itself for the following:
a body mass (therefore a blood mass), that is, BMI, which was double compared to controls; a food ingestion pattern quite likely imbalanced in favour of carbohydrates; reduced thiamin intake compared to the amount of food ingested; a remarkably reduced TP RBC , in particular TPP RBC (À20%) ( Table 2) ; an enormously decreased TMP PL (À64%) ( Table 2) ; an unchanged ratio between T and its phosphates, with T tot in the erythrocytes (Table 2) ; a substantially unchanged T/TP ratio in the erythrocytes (Table 3) ; an inverted T/TMP ratio in the plasma, (doubled) ( Table 3) ; a greatly decreased TMP PL /TPP RBC ratio, (half normal levels) ( Table 3 ).
All of these observations strengthen the 'cellular storage' hypothesis.
What is meant by this? If we keep in mind the nine features above emerging from our experiments, and in particular Figure 1 showing T and TMP intake and release in a standard cell together with the enzymatic reactions so that they can be reused by the cell as a coenzyme (TPP), we can conclude that our obese patients maintained good cellular dynamics for T, its phosphoesters and related enzymes (Table 3 , parameter 100 T RBC /TP RBC ). Apparently, they attempt 'to store' TPP as demonstrated by:
parameter T PL /TMP PL (Table 3) , where the variation was caused by a fair decrease (À29%) in the numerator (T PL , Table 2 ) and by a much greater decrease (-63%) in the denominator (TMP PL , Table 2 ), (b) parameter 100 TMP PL /TPP RBC (Table 3) , where the variation is due to a substantial decrease (-63%) in the numerator (TMP PL , Table 2 ) and by a slight decrease (À17%) in the denominator (TPP RBC , Table 2 ).
Our obese subjects would reuse the T produced by employing TPP via the catabolic route to obtain pyrophosphorylation. This cycle would prevail over T extrusion, so that the substrate can continue to be directly available inside the cell, permitting rapid TPP neoformation in the case of extracellular substrate (T) shortage. This is an important fact since adipose tissue have had a large number of functions, especially appointed to perform complex metabolic and endocrine ones. 24, 25 These obese subjects showed no clinical signs of deficiency, despite having daily ingested quantities of thiamin inferior to their recommended dietary allowance (RDA) in terms of calorie intake. This supports our hypothesis that obese subjects compensate for the relative decrease in thiamin absorption by the cell, by reducing the cell's thiamin release and increasing recycling. This process may explain the lack of typical symptoms of hypovitaminosis in obese subjects.
In contrast, a few months after the BPD operation, some patients presented the typical symptoms of B 1 deficiency Figure 1 Outline of the intake, of the release and of the transformations thiamin (T) and its monophosphate (TMP) undergo in the cell. TPP, TTP, thiamin pyro-, tri-phosphate; P i , inorganic phosphate; TPK, thiamin pyrophosphokinase; PT, phosphotransferase; P ase , aspecific phosphatases; TMP ase , TPP ase , thiamin mono-, pyro-phosphatase; AMP, ADP, ATP, adenosine mono-, di-, tri-phosphate.
Obese individuals as thiamin storers C Patrini et al consequent on insufficient thiamin absorption by the initial tracts of the small intestine (duodenum and jejunum). For this reason it would be worthwhile checking the thiamin status of subjects having undergone this operation. In case of insufficiency, thiamin supplements could be administered thereby avoiding further possibly severe complications.
